The extraction of 137 Cs sorbed in samples of C. islandica using acid solutions was investigated. An equation describing the reduction of the 137 Cs content in a dry lichen sample with the number of volumes of acid solutions used for successive extractions was used. The possibility of the existence of two different types of sorption of 137 Cs in the lichen was confirmed. Acid rains were shown to influence the extraction of 137 Cs.
INTRODUCTION
Lichen react with ozone, SO 2 and ammonia which are present in air as the pollutants. [1] [2] [3] [4] [5] Acid rains, which contain H 2 SO 4 and HNO 3 , formed from SO 2 and NO 2 in air, can result in the extinction of lichen. The problems of the influence of acid rain on lichens have been reported in the literature. [6] [7] [8] [9] In a previous study, 10 the desorption of 137 Cs from the lichen Cetraria islandica was investigated using distilled water (pH = 6.48). It was found that after five successive extractions, 49.0 % and 59.6 % of the 137 Cs had been extracted after equilibration time of 7 and 24 h, respectively. These results indicate lichens as secondary sources of environment pollution with 137 Cs.
Since there are no data in the accessible literature on the extraction of 137 Cs, or other metals, from lichens by acid rains, the extraction of 137 Cs from dried lichen using a solution having the properties of acid rain was investigated in this study.
EXPERIMENTAL
In the present experiments, the apparatus, vessels, sample, extraction procedure and the measurement of the 137 Cs activity in the samples were the same as reported previously. 10 The employyed sulfuric acid, nitric acid and ammonium sulfate were of p.a. grade and were obtained from Merck, Alkaloid and Euro Hemija, respectively.
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Extraction procedure
Four types of solutions were used: A-H 2 SO 4 ; B-HNO 3 ; C-H 2 SO 4 -HNO 3 and D-H 2 SO 4 --HNO 3 -(NH 4 ) 2 SO 4 . Solutions A and B were made of 200 cm 3 of distilled water into which the required concentrated acid was added until the desired pH value were attained: 2.00; 2.87 and 3.75 (solutions A 1 , A 2 , A 3 and B 1 , B 2 , B 3 ). Solutions C was obtained by mixing 100 cm 3 of solution A and 100 cm 3 of solution B, with the same pH values (solutions C 1 , C 2 and C 3 ). Solution D was obtained by adding 1 g of ammonium sulfate to 100 cm 3 of solution C and adjusting the pH value with concentrated sulfuric acid. After measuring the activity, 200 cm 3 of the required solution was poured over 10 g of dried lichen. The extractions were performed at room temperature (~22 °C) and lasted 24 h with occasional mixing. The lichen material was recovered by filtration and its activity remeasured. All extractions were repeated twice and the mean values are given in the Tables I-IV.
RESULTS AND DISCUSSION
The 137 Cs content in every sample is expressed as the percentage of the cesium remaining in the sample after every extraction and in relation to its content in the initial sample. The results of the measurements are given in Tables I-IV, as mean values with a standard measurement error of 2.1 (Table I ) and 2.5 % (Tables II and III) . From Tables I-III , it can be seen that changes in the pH value of the solution influence the extraction of radiocesium from lichen, i.e., the significant role of H + ion in the exchange of 137 Cs + ion. The first extraction was the most significant for the extraction of 137 Cs, indicating the presence of the two types of extraction mechanism. Also, regardless of the pH value of the solution, the extractions with solution D were the most efficient, indicating the significant role of + 4 NH ion in the exchange of Cs + ion. In comparison with results obtained with distilled water, it can be seen that the extraction with water was also high (pH = 6.48; total extracted 59.6 %), 10 Using the Origin 7.0 software package, the obtained curves show an exponential dependence of the remaining amount of 137 Cs, i.e., extracted amount from the number of successive extractions, regardless of pH value, as presented in Fig. 1 for selected examples. This can be explained by the fact that in the solid state-solution system, the amount of sorbed substance is determined by a distribution coefficient, regardless of whether the sorption-desorption mechanism is based on physical or chemical sorption or ionic exchange. According to this, the extraction process of 137 Cs is a process of desorption. From Eq. (1), it follows that the dependence of the logarithm of the amount of sorbed substance in the solid state is a linear function of the number of successive volumes employed during extraction. For real systems, this is valid when only one type of sorption exists, or if one type is dominant, so that the others can be disregarded (this was the case for extraction with distilled water lasting 1 hour 10 ). In other cases, deviations from a straight line occur, indicating that the sorbent can bind the sorbed substance by different types of sorption, i.e. different sorbent points.
Using Eq. (1), two types of curves were obtained with the results given in Tables I-III . A linear dependence was obtained when solutions A and B at pH = 2.87 and solution D at pH = 3.75 were used. Extrapolation of the curves (Fig. 2 ) gave values marked as C 0 given in Table IV . They are smaller than the corresponding initial values given in Tables II and III, indicating that one type of sorption is dominant in these cases, but at least one more type of sorption is present. In the remaining cases, curves were obtained, selected examples of which are given in Fig. 3 , demonstrating the presence of at least two types of sorption, but the extraction of cesium when using the corresponding extractant was not differentiated enough to make one of them dominant. Additionally, the obtained results also indicate that 137 Cs extraction, to a certain degree, depends on the acidity of rain, i.e. its pollution. The obtained changes of the amount of extracted 137 Cs range from 0.2 %, when solutions A and B, the most acidic ones (pH = 2.00), were used to 24.4 % when some of the solutions C and D with pH = 2.87 were employed, as can be seen from the data given in Tables I-III . Also, for all pH values covered by the present experiments, the highest percentage of extracted 137 Cs was obtained when solution D was used, indicating the role of + 4 NH ions in the extraction process. The results obtained show that lichen, i.e. its remnants, become sources of secondary pollution with 137 Cs, also due to the possibility of accumulation of other elements.
